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Summary 

Biotechnology refers primarily to the use of recombinant DNA techniques to genetically modify 
or bioengineer plants and animals. Most crops developed through recombinant DNA technology 
have been engineered to be tolerant of various herbicides or to be pest resistant through having a 
pesticide genetically engineered into the plant organism. U.S. soybean, cotton, and com farmers 
have rapidly adopted genetically engineered (GE) varieties of these crops since their 
commercialization in the mid-1990s. Over the past 15 years, GE varieties in the United States 
have increased from 3.6 million planted acres to 173 million acres in 2013. Worldwide, 27 
countries planted GE crops on approximately 433 million acres in 2013. GE varieties now 
dominate soybean, cotton, and com production in the United States, and they continue to expand 
rapidly in other countries, particularly in Latin America. 

Ongoing policy issues include the impacts of GE crops on the environment (e.g., pest and weed 
resistance), whether GE foods should be labeled, their potential contamination of conventionally 
raised and organic plants, and issues of liability. Underlying these issues are concerns about the 
adequacy of federal regulation and oversight of GE organisms, particularly as newer applications 
(e.g., biopharmaceuticals, multiple GE traits in single organisms, GE trees, GE insects) emerge 
that did not exist when the current regulatory regime was established in 1986. The FDA is 
currently considering approval of the first GE animal for human consumption, a salmon 
engineered to grow to market size in half the normal time. Global trade issues involving GE 
organisms are a long-standing issue and are particularly salient in current U.S.-EU trade 
discussions on the Transatlantic Trade and Investment Partnership (TTIP). 

In the United States, agricultural biotechnology is regulated under the 1986 Coordinated 
Framework for the Regulation of Biotechnology. Three federal agencies — the U.S. Department of 
Agriculture (USDA), the Food and Drug Administration (FDA), and the Environmental 
Protection Agency (EPA) — share regulatory responsibilities. Regulatory non-compliance 
incidents and issues associated with environmental effects of GE plants have repeatedly raised 
concerns about the adequacy of existing U.S. regulatory stmctures. Questions have also arisen 
about the adequacy of USDA’s Animal and Plant Health Inspection Service’s environmental 
assessments for deregulating GE plants. 

In July 2015, the Administration announced in a memorandum to agency heads a review and 
update of the Coordinated Framework to ensure the capacity of the regulatory structure to address 
any future biotechnology risks. This is the first comprehensive review of the Coordinated 
Framework in nearly 30 years. 

The 1 14 th Congress is considering a bill to preempt various state laws that have been recently 
passed in Maine, Vermont, and Connecticut to require mandatory labeling of GE foods. While 
preserving current jurisdiction and regulatory authority of FDA and APHIS, the Safe and 
Accurate Food Labeling Act of 2015 (H.R. 1599), as approved by the full committee on July 14, 
2015, would preempt any state authority over GE labeling in favor of a voluntary National 
Genetically Engineered Food Certification Program under the federal Agricultural Marketing Act 
of 1946. The certification program would establish national standards for labeling both GE and 
non-GE foods. A consultative process under FDA for the introduction of GE foods would 
continue, and a new notification system for GE plants used in food would be established. 



Congressional Research Service 



Agricultural Biotechnology: Background, Regulation, and Policy Issues 



Three bills have been introduced that would require labeling of GE products. One would amend 
the Federal Food Drug and Cosmetic Act to require labeling of GE fish (FI.R. 393), and a separate 
bill would require labeling of all GE foods (FI.R. 913/S. 511). A third bill, the Genetically 
Engineered Salmon Risk Reduction Act (S. 738), would require labeling of GE salmon and 
further require an environmental impact statement and risk analysis by the Under Secretary for 
Oceans and Atmosphere of the Department of Commerce. 
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Adoption of Biotechnology in Agriculture 1 

Farmers have always modified plants and animals to improve growth rates and yields, create 
varieties resistant to pests and diseases, and infuse special nutritional or handling characteristics. 
Such modifications have been achieved by crossbreeding plants and animals with desirable traits, 
through hybridization, and other methods. Now, using recombinant DNA techniques, scientists 
also genetically modify plants and animals by selecting individual genes that carry desirable traits 
(e.g., resistance to a pest or disease) from one organism, and inserting them into another, 
sometimes very different, organism, that can be raised for food, fiber, pharmaceutical, or 
industrial uses. 

Karl Ereky, a Hungarian engineer, coined the term “biotechnology” in 1 9 1 9 to refer to the science 
and the methods that permit products to be produced from raw materials with the aid of living 
organisms. 2 According to the Convention of Biological Diversity, biotechnology is “any 
technological application that uses biological systems, living organisms, or derivatives thereof, to 
make or modify products or processes for specific use” (Article 2). According to the FAO’s 
statement on biotechnology, “interpreted in a narrow sense, ... [biotechnology] covers a range of 
different technologies such as gene manipulation and gene transfer, DNA typing and cloning of 
plants and animals.” 3 

Since genetically engineered (GE, sometimes called genetically modified organism or GMO) 
crop varieties first became commercially available in the mid-1990s, U.S. soybean, cotton, and 
com farmers have rapidly adopted them in order to lower production costs and increase crop 
yields. Proponents point to the emergence of “second generation” GE commodities that could 
shift the focus of biotechnology from the “input” side (creating traits that benefit crop production, 
such as pest resistance) to the “output” side (creating traits that benefit consumers, such as lower- 
fat oils). These second generation products could offer enhanced nutritional and processing 
qualities and also industrial and pharmaceutical uses. Future products are expected to be 
livestock- as well as crop-based. Critics, meanwhile, complain that biotechnology companies 
generally have not yet delivered the consumer benefits they have been promising for years. 

Incidents of regulatory noncompliance have continued to spike concern about the adequacy of 
regulatory structures. In December 2008, a small amount of unapproved GE cotton was harvested 
along with commercially available GE cotton. The unapproved GE cotton variety produces a 
pesticide that is a plant-incorporated protectant (PIP). In August 2006, traces of an unapproved 
variety of GE rice were reported in commercial rice samples from parts of the southern United 
States (see “GE Rice,” below). These incidents have added to the ongoing interest in a number of 
public policy questions. What are the environmental and food safety impacts of GE crops and 
animals? What obstacles and opportunities are exporters of GE crops encountering in the global 
marketplace? Is the current U.S. regulatory framework, which is based primarily upon statutory 
authorities enacted before the rise of agricultural biotechnology, adequate for these new 
technologies and products? 



1 Among the sources for this report are various materials by USDA’s Economic Research Service (ERS) and Animal 
and Plant Elealth Inspection Service (APHIS), the Pew Initiative on Food and Biotechnology, various issues of Food 
Chemical News, a weekly trade publication, and the Biotechnology Industry Organization (BIO). 

2 OECD. Policy Brief, Modern Biotechnology and the OECD, June 1999. http://www.oecd.org/dataoecd/29/40/ 
1890904.pdf. ’ 

3 FAO. FAO Biotechnology Glossary, http://www.fao.org/biotech/index_glossary.asp. 
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Current Applications 

Crops 

In 2013, GE crops were planted on an estimated 433 million acres worldwide (Table 1), an 
increase of nearly 144 million acres over 2008. The acreage planted to GE crops has grown 
globally at an annual rate of 3% since the mid-1990s and currently comprises 12% of all crop 
acreage. In 2013, eight industrialized countries and 19 lesser-developed countries had acreage 
planted to GE crops. Most of the acreage is highly concentrated among four crops — soybeans, 
com, cotton, and canola — and five countries. The United States has approximately 40% of global 
acreage (173.2 million acres), and Brazil has 23% (99.6 million acres). Argentina has 14.0% of 
global acreage (60.3 million acres), India 6.3% (27.2 million acres), and Canada 6.1% (26.7 
million acres). These five countries account for approximately 90% of the global acreage planted 
to GE crops. 

In the United States, over 60 GE plant varieties were approved by APHIS for commercial use 
through early 2005. 4 By 2014, 82 plant varieties had been deregulated by APHIS. Ninety-three 
percent of all U.S. soybean, 94% of all upland cotton, and 88% of all com acres were planted 
with GE seed varieties in 2012, according to USDA’s National Agricultural Statistics Service 
(Table 2). Virtually all current commercial applications benefit the production side of agriculture, 
with herbicide tolerance and pest control by far the most widespread application of GE crops in 
the United States and abroad. 

Herbicide-tolerant (HT) crops are engineered to tolerate herbicides that would otherwise kill 
them along with the targeted weeds. These include HT soybeans, HT upland cotton, and to a 
lesser extent, HT com. Many of these are referred to as “Roundup Ready” because they are 
engineered to resist Monsanto’s glyphosate herbicide, marketed under the brand name 
“Roundup.” More recently, Monsanto has announced various “stacked trait” varieties — varieties 
that combine resistance not only to glyphosate/Roundup but also to the herbicides dicamba and 
glufosinate. The development of these newer varieties of HT crops is being motivated in part by 
the increasing weed resistance to glyphosate/Roundup. 

Insect-resistant crops effectively have the pesticide genetically engineered into the plants 
themselves to control insect pests for the life of the crop. These varieties are often referred to as 
having a plant-incorporated protectant (PIP). Many of these crops have been genetically 
engineered with Bt ( Bacillus thuringiensis, a soil bacterium), which produces a naturally 
occurring pesticide. 5 These insect-resistant varieties are most prevalent in upland cotton to control 
tobacco budworm, bollworm, and pink bollworm; and in com to control earworm and several 
types of com borers. Monsanto is also developing “stacked trait” varieties of soybeans and sugar 
cane that are resistant to insects as well as glyphosate/Roundup. 



4 Sources: Information Systems for Biotechnology at Virginia Tech; also, USD A, ERS, The First Decade of 
Genetically Engineered Crops in the United States, April 2006, which can be accessed at http://www.ers.usda.gov/ 
Publications/eibll/. 

5 Because Bt is a natural occurring pesticide, it can be used under certain conditions on organically produced plants. Its 
incorporation into GE commodities concerns some organic producers because of the risk of creating Bt tolerant pests 
thereby decreasing the utility of Bt to organic farming operations. 
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Table I . Global Area of Biotech Crops by Country in 2013 







Area 


Area 




Rank 


Country 


(million 

acres) 


(million 

hectares) 


Crops 


1 


United States 


173.2 


70.1 


Corn, soybeans, cotton, canola, sugar 
beets, alfalfa, papaya, squash 


2 


Brazil 


99.6 


40.3 


Soybeans, corn, cotton 


3 


Argentina 


60.3 


24.4 


Soybeans, corn, cotton 


4 


Canada 


27.2 


1 1.0 


Soybeans, corn, cotton 


5 


India 


26.7 


10.8 


Cotton, papaya, soybeans, sugar beets 


6 


China 


10.4 


4.2 


Cotton, papaya, poplar, tomato, sweet 
peppers 


7 


Paraguay 


8.9 


3.6 


Soybeans 


8 


South Africa 


7.2 


2.9 


Cotton 


9 


Pakistan 


6.9 


2.8 


Corn, soybeans, cotton 


10 


Uruguay 


3.7 


1.5 


Soybeans, corn 


1 1 


Bolivia 


2.5 


1.0 


Soybeans 


12 


Philippines 


2.0 


0.8 


Cotton, corn 


13 


Australia 


1.5 


0.6 


Corn 


14 


Burkina Faso 


1.3 


0.5 


Cotton 


15 


Myanmar 


0.74 


0.3 


Cotton 


16 


Spain 


0.25 


0.1 


Cotton, soybeans 


17 


Mexico 


0.25 


0.1 


Corn 


18 


Colombia 


0.25 


0.1 


Cotton 


19 


Sudan 


0.25 


0.1 


Cotton 


20 


Chile 


<0.25 


<0.1 


Corn., soybeans, canola 


21 


Honduras 


<0.25 


<0.1 


Corn 


22 


Portugal 


<0.25 


<0.1 


Corn 


23 


Cuba 


<0.25 


<0.1 


Corn 


24 


Czech Republic 


<0.25 


<0.1 


Corn, potatoes 


25 


Costa Rica 


<0.25 


<0.1 


Cotton, soybeans 


26 


Romania 


<0.25 


<0.1 


Corn 


27 


Slovakia 


<0.25 


<0.1 


Corn 




TOTAL 


432.9 


175.2 





Source: Clive James, International Service for the Acquisition of Agri-Biotech Applications, 2013. Summary 
report available at http://www.isaaa.org/resources/publications/briefs/46/executivesummary/default.asp. 
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Figure I. Adoption of Genetically Engineered Crops in the United States, 1996-2013 



Percent of planted acres 




Source: USDA Economic Research Service, “Adoption of Genetically Engineered Crops in the U.S.” 
Notes: Data for each crop also includes more recently developed varieties engineered with both herbicide 
tolerance (HT) and pest resistance traits (Bt). These multiple-trait plants are called “stacked trait” varieties. 



Table 2. U.S. Acreage in Major GE Crops, 1 996 and 2008-20 1 5 



(acres in millions) 






Soybeans 


Upland Cotton (UC) 




Corn 


Acres 


% of all soy planted 


Acres 


% of all UC planted 


Acres 


% of all corn planted 


1996 


4.2 


7 


2.2 


17 


2.9 


4 


2008 


68.6 


92 


7.7 


86 


69.9 


80 


2009 


70.5 


91 


7.9 


88 


73.9 


85 


2010 


73.3 


93 


9.9 


93 


75.6 


86 


201 1 


70.5 


94 


12.9 


90 


83.1 


88 


2012 


70.7 


93 


1 1.6 


94 


88.1 


88 


2013 


71.2 


93 


9.8 


90 


91.8 


90 


2014 


78.7 


94 


10.4 


96 


84.2 


93 


2015 


80.0 


94 


8.3 


94 


81.7 


92 


Source: USDA-NASS. Acreage Report, June 20 1 3. 
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